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We calculate the low temperature one-particle scattering rate and the specific heat in a weakly
disordered metal close to a quantum critical point. To lowest order in the fluctuation potential,
we obtain typical Fermi-liquid results proportional to T 2 and T respectively, with prefactors which
diverge as a power law of the control parameter upon approaching the critical point. The Kadowaki-
Woods ratio is shown to be independent of the control parameter only for the case of 3-D FM
fluctuations. Our work is relevant for experiments on CeCoIn5 and Sr3Ru2O7.
We calculate the one-particle scattering rate as a function of temperature T → 0. We use the relation
ImΣR(k, ǫ) =
∑
q
∫
∞
−∞
dω ImGR(q, ǫ− ω)ImV R(k − q, ω) {coth(ω/2T ) + tanh((ǫ− ω)/2T )} , (1)
to calculate the scattering rate, which equals twice ImΣR - c.f. fig 1(a). This is to lowest order in the magnetic
fluctuation potential. Here
G(k, ǫ) =
1
ǫ− ǫk + i sgn(ǫ)/2τ
(2)
with τ being the impurity momentum relaxation time.
The dominant electron-electron interaction is assumed to be the fluctuation propagator1,2 (finite q0 was considered
in3)
V (q, ω) =
g
−iω/(Dq2) + (q − q0)2ξ2 + a
, (3)
with a measuring the distance from the quantum critical point (QCP). The control parameter a depends on e.g. the
magnetic field H , as in the systems of interest mentioned below like a = hs - typically s = 2/3 - h = (H −Hc)/Hc.
q0=0 corresponds to ferromagnetic (FM) fluctuations.
Carrying-out this calculation yields in 3-D
ImΣR(kF , ǫF , T ) = const.T
2f3(a, q0) , (4)
with
f3(a, q0) =
1
2aξ2q0
{
1
qmax − q0
+
1
q0
}
, q0 = finite , (5)
=
1
a2
, q0 = 0 . (6)
In 2-D we have
ImΣR(kF , ǫF , T ) = const.T
2f2(a, q0)
{
ln
(
To
T
)
− 1 +
3T
To
+O(T 2)
}
, To =
a2D′
ξ2
. (7)
It turns out that f2(a, q0) = f3(a, q0), so the prefactor dependence on a is the same as in 3-D.
Taking the resistivity proportional to the scattering rate, these results compare very favorably with data on
CeCoIn5
4 and Sr3Ru2O7
5, where a typical Fermi-liquid (FL) T -dependence is seen in the resistivity ρ(T ) =
ρ0 + A(H)T
2, with A(H) diverging around the transition, i.e. around a = 0, as in our result. In CeCoIn5 it
was found that A(H) ∝ a−2, as in the case q0 = above. The same result was obtained for the thermal conductivity
4,
which is easily understood in the frame of our calculation: conduction electrons carry both charge and heat, while
interacting via V (q, ω) (only small energy transfer is involved with this V (q, ω)).
It should be possible to probe the scattering rate through angle-resolved photoemission (ARPES) experiments.
2We calculate the specific heat C(T ) = −T∂2F (T )/∂T 2 = γT through the free energy F (T ) - c.f. fig 1(b). In 3-D
we obtain for all q0
γ = const./(a ξ2) . (8)
In 2-D we have for all q0
γ = const./ξ2 , (9)
i.e. there is no diverging prefactor.
The Kadowaki-Woods ratio is
A(a)
γ2(a)
= c1ξ
4 , 3−D , q0 = 0 , (10)
= c2 a ξ
2 , 3−D , q0 = finite , (11)
= c3ξ
4/a2 , 2−D , q0 = 0 , (12)
= c4ξ
2/a , 2−D , q0 = finite , (13)
c1−4 =const. It is independent of a only in 3-D for q0 = 0, while some simple power law arises in the other cases
considered. An a-independent ratio was observed in CeCoIn5
6, though in a more restricted range of H than the
scaling of the coefficient A(H).
We also consider an interaction with peaks at specific wavevectors ~q0i (”AF” case)
V∗(q, ω) =
nd∑
i=1
g
−iω/(Dq2) + (~q − ~q0i)2ξ2 + a
. (14)
In 2-D for tetragonal symmetry nd = 4 and in 3-D for cubic symmetry nd = 6. For small a, in 2-D and 3-D the
potential V∗(q, ω) gives the same scaling of the prefactors as for the case 3-D q0 =finite above.
In all, a consistent Fermi liquid (FL) description seems to emerge from these calculations. The renormalization of
the fermions due to V (q, ω) leads back to the FL fixed point in a low-T part of the phase diagram - e.g. c.f. fig 1
of ref.4(case n = 2). The effective mass of the fermions is not renormalized to first order in V (q, ω) - c.f. the match
between the one particle scattering rate and the experimental resistivity, connected through ρ = m∗τ
−1/(ne2).
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Fig. 1
FIG. 1: Diagrams (a) for the self-energy and (b) for the free energy. The continuous lines are the fermions and the dashed
line is the fluctuation mediated interaction V (q, ω).
